Background and motivation
Financial innovation is an area of economics that has attracted significant research interest in academia as well as in corporate circles (Lerner 2006; Lopez & Roberts 2002) . For instance, Laeven, Levine and Michalopoulos (2015) argue that new financial arrangements have historically emerged following the successful introduction of technological innovations. The financial arrangements include new financial instruments, the emergence of new financial institutions, or application of new reporting techniques (Laeven et al. 2015) . These assertions are consistent with Frame and White's (2014) work, which observes that technological developments have significantly changed commercial banking business in the last 30 years. They argue that, in general, technological developments have contributed to the entrenchment of commercial banks in the network of global financial institutions undertaking a range of financial activities. In particular, Frame and White's (2014) study provides evidence that firstly, financial innovations have been catalysed by technological developments in the telecommunications sector, and secondly, financial innovations have altered not only bank products and services but also bank production processes. Evidently, the link between financial innovation and firm performance is complex, necessitating further research (Jiménez-Jiménez & Sanz-Valle 2011) . The degree of complexity is further compounded by a number of studies which have attempted to link innovation to either past or future firm performance. For instance, Bowen, Rostami and Steel (2010) argue that although there is a positive link between innovation and future performance, the link between innovation and past performance is unclear.
Notably, recent technological innovations have led to the emergence of new financial innovations worldwide. The implication of this development is that most of the studies in previous years, largely carried out in the developed world, have not kept pace with new financial innovations in developing countries. The dearth of research data on emerging financial innovations could partly be explained by the fact that the innovations, such as mobile money and agency banking, are not common in developed countries (Ingenico 2012) . We examine the link between financial innovation in the form of branchless banking models and bank financial performance in Kenya's commercial banks.
The new technological developments provide an imperative for carrying out the present study. For example, the emergence of new payment systems which mainly use mobile phones to transfer funds electronically (electronic money), has significantly altered banking services in Africa. The focus on Kenya is motivated by several factors. Firstly, The Central Bank of Kenya (CBK) (2015) shows that mobile payments in Kenya have overtaken all electronic card payments combined, in terms of the number of customers and the overall value of the payment transactions. In addition, mobile payment platforms are being employed in every aspect of human life. These aspects include utilising mobile phones to transfer money in deposit accounts held with commercial banks, withdrawing cash from bank accounts, payment of insurance premiums, payment of utility bills, air ticketing, retail outlets, and many more. The many uses of mobile financial innovations underline the importance of research in the field.
Importantly, the use of third parties to transact banking business, commonly referred to as agency banking, has grown substantially. This is in spite of the fact that it has been in operation in Kenya since 2012. The CBK (2015) reports indicate that 90% of agency banking in Kenya is controlled by three commercial banks and the individual financial reports of the three banks confirm on average that 30% of the total revenue is accounted for by agency banking. Agency banking outlets are located in rural areas, mostly in locations where it would be practically impossible or unprofitable for the commercial banks to establish fully-fledged branches.
Secondly, Kenya is a member of the east African community, comprising Burundi, Kenya, Rwanda, Tanzania and Uganda. East Africa is moving fast toward regional integration, with joint infrastructure projects being undertaken. The overall performance of the east African region will largely depend on developments taking place in Kenya (Kimenyi & Kibe 2014) . Lastly, the mobile money services sector in Kenya is the most advanced in the world (Cracknell 2012) . The country has a robust mobile money agent network and adequate regulatory support from the CBK. In addition, Demirgüç-Kunt and Klapper (2012) observe that Kenya is sub-Saharan Africa's regional leader in mobile money. The study finds that 86% of all mobile phone users in Kenya use mobile money compared to 23% in the rest of sub-Saharan Africa. Therefore, Kenya is at the focal point of financial innovations in the world. This is supported by Cracknell's (2012) work, which classifies a Kenyan bank as Africa's most successful microfinance-focused bank, and a mobile phone service provider in Kenya as the world's leading provider of mobile payments. The Economist Intelligence Unit (EIU) Global microfinance survey ranks Kenya at position five globally, the highest ranking in Africa (EIU 2012). The study attributes Kenya's ranking to its global leadership and pioneering in mobile banking services. Moreover, recent studies document Kenya as the leader in terms of electronic payments, as well as bank branches and bank agents in Africa (EIU 2015) .
The evolution of a number of branchless banking models has motivated research interest in Kenya's financial markets and a number of studies in the subject. However, most of the studies have focused on describing the existing financial innovations and the history pertaining to their introduction in Kenya (see Hughes & Lonie 2007; Jepkorir 2010; Siedek 2008) . All these studies have followed a consistent pattern of providing descriptive statistics on the financial innovations in Kenya, but fall short of empirical analysis. This lack of empirical rigour with regard to financial innovations is observed in other studies as well (Frame & White 2004 . Further to this, the link between financial innovations and firm performance in Kenya has been documented to some extent, by a few studies (see Makini 2010; Mwando 2013) . However, none of the studies follow a holistic approach to the study of financial innovation and its impact on firm financial performance.
The studies discussed in the literature review have left knowledge gaps in the field of financial innovations, especially in Kenya, which the present article seeks to address. Firstly, failure or inability to assess empirically the value of financial innovations to innovating firms, has managerial implications in the sense that, in the absence of empirical evidence linking financial innovation to firm financial performance, there is no incentive to innovate. Secondly, studies which have attempted to link financial innovations to firm performance have created a bypass around empirical approaches, consistent with Frame and White's (2004) findings. The implication of this state is that most of the findings are largely anecdotal, owing to the (possible) subjective nature of the responses to questionnaires. The article addresses these research gaps by examining financial innovations in two industries namely banking and telecommunications. The financial innovations in the banking industry include bank-focused and bank-led models. Non-bank-led financial innovation models are found in the telecommunications industry.
The results show that financial innovations are associated with a significant positive impact on the performance of banks in Kenya. While controlling firm-specific and macroeconomic factors, the use of automated teller machines (ATMs), agency and mobile banking contribute significantly to the operating performance of banks in Kenya. These results further confirm the dominance of mobile banking over the two branchless banking models (ATMs and agency banking). The rest of the article is structured as follows: section two reviews the literature on financial innovation, section three describes the data and methodology, section four presents the results of the study and section five concludes and provides recommendations for future research.
Literature review Financial innovation
Financial innovation is defined in broad terms as '… the act of creating and then popularising new financial instruments as well as new financial technologies, institutions and markets …' (Tufano 2003:4) . Tufano argues that innovations can be categorised into process and product innovations, where product innovations are denoted by new financial instruments, while process innovations are epitomised by innovative methods of distributing the financial products, dispensing transactions or pricing them. Tufano (2003) observes that although innovation fluctuates, with some periods exhibiting high levels of innovation and others low, in the long run financial innovation is a distinct part of a growing economy. These findings resonate well with the recent developments in a new generation of financial innovations in Kenya, namely branchless banking models. Whereas most financial innovation studies in developed countries have largely concentrated on financial products, the study of process innovations appears to have been given a wide berth, especially in developing countries. The emphasis of the present study is on the process innovations used in delivering financial products. The delivery of financial products through financial innovation should improve firm performance.
The multidimensional nature of firm performance and its multiple definitions make it more challenging to measure adequately. For instance, it is argued that:
'… the challenge of measuring companies relative performance across industries and eras, declaring the top performers and finding the common drivers of their success is so daunting that it might seem a fool's errand to attempt.' (Kirby 2005:30) Assessing the performance of firms operating in multiple industries is even more complex due to the problem of allocating balance sheet and income statement items, such as sales and asset items, among the many industries within which they operate (Dess & Robinson 1984) . Dess and Robinson argue that: firstly, making accurate estimates through survey techniques is a difficult task which represents a major source of measurement error, secondly, the measurement errors emanate from the confidential nature of the data and the application of different accounting policies and procedures among firms and lastly, assessing firm performance in a single industry for privately held firms is even more difficult.
Innovation and firm performance
A number of studies have reviewed the relationship between firm financial performance and innovation in manufacturing as well as innovation in services. For instance, Rosenbusch, Brinckmann and Bausch's (2011) meta-analysis of previous research on the relationship between innovation and firm performance aims at establishing the direction and strength the relationship has on the performance of small and medium enterprises. They document a positive relationship between innovation and performance and that investment in process innovation leads to higher firm performance than investment in product innovations. However, the findings are largely equivocal as to what explains the variation in returns from investment in process and product innovations. According to Laforet (2013) , few companies have empirically examined innovation outcomes at the firm level or the link between a firm's innovation and that firm's performance. On the other hand, Artz et al. (2010) studied 272 firms derived from 35 industries over 19 years to establish the firms' ability to generate benefits from their inventions and innovation as well as the effect of the innovation on firm financial performance. The study observed a negative relationship between patents and performance as measured by both return on assets (ROA) and sales growth. Nonetheless, the negative link between innovation and firm financial performance observed in Artz et al.'s work (2010) could be as a result of the use of an inappropriate proxy for innovation, namely patents. This is because patents may not necessarily result from innovation.
Jiménez-Jiménez and Sanz-Valle's (2011) work finds a positive relationship between innovation and firm performance. The authors argue that the strength of the relationship between innovation and firm performance is higher for bigger and older firms in the manufacturing sector. The respondents to the questionnaires used in the study were asked about the evolution of their firm's performance over the preceding 3 years. The findings of the study; however, may not be replicated in other studies in view of the subjective nature of the performance measures used. Recent studies observe a link between innovation and firm performance. For instance, Aduda and Kingoo's study (2012) of the relationship between electronic banking and financial performance of commercial banks in Kenya finds a strong positive relationship between bank performance and e-banking innovations. Using ROA as proxy for bank performance and the number of ATMs and debit cards as proxy for e-banking, Aduda and Kingoo (2012) find that innovation contributes to performance of large firms as well as small and medium enterprises. Additionally, Rosenbusch et al. (2011) argue that innovative products enable small-and medium-sized enterprises (SMEs) to compete with large and established firms. According to Rosenbusch et al. (2011) , innovative products enable small firms to avoid price competition and also create new demands which contribute to the firm's growth.
DeYoung, Lang and Nolle's (2007) study of 424 community banks comprising the earliest adopters of internet banking in USA explains the implication of financial innovation adoption. The study compares the change in the banks ' 1999 -2001 financial performance with that of 5175 community banks using branch-only banking. They find an improvement in the profitability of the early adopters of internet banking among community banks associated with internet banking. In addition, Hernando and Nieto (2007) provide a quantitative analysis of the impact of internet banking and the financial performance of 72 banks in Spain. They find that the reduction in transaction costs leads to an expansion in the banks' profitability. Lastly, Cainelli, Evangelista and Savona (2006) assess the impact of innovation on the service firms' economic performance by both conceptually and empirically exploring the bi-relationship between innovation and firm-level economic performance in services. They attempt to establish the existence of a virtuous circle between innovation and firm-level economic performance and report several important findings. Firstly, the study finds a strong positive relationship between innovation and a firm's economic performance.
Secondly, innovating firms perform better than noninnovating firms in terms of economic growth and productivity. Thirdly, a reverse or circular relationship between innovation and firm performance is evidenced by the higher propensity for better performing firms to innovate and commit their capital to innovation. The relationship between innovation and firm performance is therefore twoway, meaning there is a reverse causation between the two. Importantly, innovation enables small firms to become big enough to afford large expenditures in innovation and associated research and development. The findings indicate that firms with high turnover, as evidenced by high sales growth, show above-average innovation expenditure in information and communication technology, encompassing both hardware and software. These findings are consistent with the earlier work of Gopalakrishnan (2000) on the reverse causality between innovation and financial performance.
It appears from the literature that most of the studies on firm performance and innovation have been carried out in developed countries. However, critical success factors for innovation may not be replicable across geographical regions and markets due to cultural differences (Al-Ansari, Pervan & Xu 2013; Laforet & Tann 2006) . Consequently, more studies are needed across geographical regions for purposes of comparison. The studies reviewed in the preceding sections provide evidence of the existence of a link between innovation and firm performance in different setups. From the reviewed studies, there is evidence linking innovation to firm financial performance for both small and large firms. Product and process innovation help the firms in improving performance as well as enabling small firms to compete with large firms. On the other hand, small firms use innovation to create niche markets for their new products and to avoid price competition with large firms. We seek to establish the link between the performance of Kenya's commercial banks and their usage of financial innovations. This is in view of the reviewed studies and the Kenya's banking sector performance over the period of study.
Performance of Kenya's banking sector
Kenya's banking sector has, over the 10-year study period, grown remarkably in terms of total assets, total deposits and other parameters. The sector performed well in spite of the post-election and global financial crisis shocks, as well as changes in political regimes over the period. The banking sector is largely concentrated in favour of six large banks, which take a lion's share of the banking sector performance. The CBK groups banks into 'peer groups' based on total assets, whereby banks are classified as 'large' if their total assets are above 15 billion Kenya Shillings (Ksh), 'medium' if their total assets are between Ksh 5 billion and Ksh 15 billion and as 'small' if total assets are less than Ksh 5 billion. Some banks have moved from lower classification to higher ones and vice versa over the study period. Although large banks account for a bigger share of the sector performance, the banking sector has generally been on upward trajectory in terms of growth, as illustrated in Figure 1 .
The peer group classification led to over 50% of the banks being classified as 'large' in the year 2010, necessitating a revision of the grouping criteria (CBK 2010). The classification of banks into three peer groups since 2010 has been based on the weighted composite index, which comprises total assets, deposits, capital size, number of deposit accounts and loan accounts (CBK 2010). As at December 2013, six banks were classified as large, 15 as medium and 23 as small (CBK 2013) . The six large banks account for 52.39% of the (weighted) market size, medium banks account for 37.95% and the 23 small banks control a paltry 9.66% of the market. Consequently, these statistics provide evidence of high concentration in the banking sector, which is likely to reduce small banks to mere followers and imitators of the financial innovations developed by large banks. The dominance of large banks in terms of total assets and total deposits implies that large banks have sufficient resources to develop financial innovations. Figures 2 and 3 illustrate the performance of the peer groups since the year 2006, although the composition of the individual peer groups has varied over time. The apparent decline in total assets for all peer groups in year 2010 is as a result of the change in classification criteria for the peer groups.
Data and methodology

Data sources and variables
This article uses secondary data obtained from a number of sources. The commercial banks' financial performance and banking industry performance data were obtained from CBK Bank supervision annual reports and from the respective banks financial reports downloaded from Bankscope 1 . Financial innovations data was largely obtained from individual company websites, financial reports, as well as media reports. The data on listed companies were obtained from Capital Markets Authority (Kenya), while Kenya's economic performance data were extracted from Kenya National Bureau of Statistics and the World Bank Development Indicators. The population of the study comprises all locally and foreign-owned commercial banks in Kenya which are not under statutory management. We use the data on the number of bank accounts for each bank contained in the CBK Annual Bank supervision reports as proxies for internet accounts. The data on the number of bank accounts are available for the period [2009] [2010] [2011] [2012] [2013] , that is, half of the period 1.Licensed to the University of the Witwatersrand, South Africa. FIGURE 1: Growth in total deposits and total assets.
studied. Over the period of study, the data collected from the individual commercial banks reports and websites, as well as media reports indicate that 90% of agency banking is controlled by three large banks. Although ATM data for the banking sector is available from the CBK reports, individual banks' ATMs were harder to get and, therefore, involved a combination of multiple sources, such as annual reports and websites of individual banks and media reports. All the data on mobile payments were obtained from the CBK National payment statistics contained in the CBK website. Therefore, the challenges regarding the sources of the data lead to an unbalanced data panel. The structure of the data has informed our choice of systems -generalised method of moments (GMM), as discussed in section 3.3. The sample size comprises 42 out of the 43 commercial banks. One of the sampled commercial banks was excluded, as it was under statutory management during the study period. The variables used in this article are defined in Table 1 .
Model specification
This article uses a dynamic distributed lag model to estimate the relationship between financial innovations and bank financial performance. This is because the lagged values of the dependent variable (firm performance) are included among the explanatory (financial innovation) variables (Gujarati 2003) . The independent variables are also lagged since it takes time before the investment in financial innovations can have a significant impact on firm performance. A number of reasons would account for the lag in the financial innovation impact on firm performance. Firstly, according to Griliches (1967) , the decision to invest in research and development (R&D) expenditure and its ultimate payoff in terms of productivity involves not only considerable lag but also several different lags. Since investment in financial innovations usually involves considerable R&D expenditure, it takes time before the investment in R&D as well as the capital cost of the information and communications technology infrastructure can be recouped.
Secondly, the adoption and use of electronic payments is prone to network externalities. A network effect or externality arises when the value of a product to one user depends on the 
Variable
Category of variables Definition
IndAdjROA
Operating performance variables
The industry-adjusted return on total assets for bank i at time t. It is arrived at by deducting the average industry ROA from the ROA of the firm, then dividing the result by the standard deviation of in the industry ROA.
IndAdjROE
The industry-adjusted return on equity for firm i at time t, and is calculated by subtracting the average industry ROE from the ROE of the firm, and dividing the result by the standard deviation of in the industry ROE.
ATM Financial innovation variables
Automated Teller Machines, and is defined as the number of ATMs for firm i at time t, divided by the total number of industry ATMs at time t.
IB
Internet Banking, defined as the number of firm i internet accounts at time t, divided by the total number of internet accounts in the industry at time t. The number of internet accounts is represented by the number of deposit accounts.
AB Agency banking, calculated as the number of agency banking agents for firm i at time t, divided by the industry number of agency banking agents at time t.
Lnmbtn
The logarithm of number of mobile banking transactions for firm i at time t.
IndROA
Control variables
The average value of the industry return on total assets at time t.
IndROE
The average value of the industry return on equity at time t.
LNTA
The logarithm of total assets for firm i at time t.
Listing A dummy variable that captures the effects of listing on the NSE. A value of 1 is assigned to firms listed on the NSE, and 0 otherwise.
OWS
A dummy variable that captures the ownership effects of sampled firms. A value of 1 is assigned to locally owned firms, and 0 otherwise.
GDP
The annual growth rate in gross domestic product (GDP).
PG
The peer group of the banking firms. The banks are grouped into three peer groups that is, large, medium and small. The classification of banks into three peer groups since 2010 has been based on the weighted composite index which comprises: total assets, deposits, capital size, number of deposit accounts and loan accounts (CBK 2011). As at December 2013, six banks were classified as large, 15 as medium and 23 as small. The six large banks account for 52.39% of the (weighted) market size, medium banks account for 37.95% and the 23 small banks control a paltry 9.66% of the market.
IndAdjROA, industry-adjusted return on assets; IndAdjROE, industry-adjusted return on equity; ATM, automated teller machine; ROE, return on equity; IB, Internet banking; AB, Agency banking; Lnmbtn, The logarithm of number of mobile banking transactions; IndROA industry return on assets; IndROE, industry return on equity; LNTA, The logarithm of total assets for firm i at time t; NSE-Nairobi Securities Exchange; OWS, ownership; GDP, gross domestic product; PG, peer group; ROE, return on equity; ROA, return on assets.
number of other users of the same product (Katz & Shapiro 1986 ). According to Shapiro, Varian and Becker (1999) , technologies prone to network effects have a tendency to show a long lead time followed by rapid growth. The authors argue that as existing customers return positive feedback, the customer base grows, thus making the adoption of the product worthwhile for many more users; eventually the product achieves a critical mass and takes over the market.
Thirdly, individuals are naturally resistant to change, especially culture change, because of the discomfort that change offers. In most cases, customers adopt a 'wait and see' attitude and therefore adopt the innovations at a later date. Such customers are referred to as 'laggards', possibly because of their lagged response to the introduction of new products and innovations. The resistance to change in favour of adoption and usage of financial innovations may also be attributed to risk factors, such as the fear of money laundering and the risk of fraud associated with the use of third parties to access personal accounts under agency banking.
In view of these observations, a general distributed lag model is expressed as follows:
where Y i,t is the measure of firm performance (IndAdjROA, INDADROE).
When using a firm's ROE and/or ROA, it is possible to find unusually high or unusually low values for either of these ratios. However, the use of industry-adjusted ROE and ROA can mitigate this effect (Kayanga 2008 
Where, Y i,t−1 represents lagged values of the independent variable. μ i,t = (u t -λu t−1 ) is a moving average of u t and u t−1 . u t is time t error term while u t−1 is t−1 error term. The Koyck model has been used in recent financial innovation studies (Muthinja & Chipeta 2017) .
Estimation technique
This article adopts a dynamic model specification for a number of reasons. Firstly, past literature has observed that firm performance shows persistent effects, meaning that past performance affects present performance. Secondly, firm 2.The independent variables measure financial innovation usage and have been scaled down using industry usage of the financial innovations. Frambach and Schillewaert (2002) contend that the innovation process becomes successful upon its acceptance and integration into the organisation and the demonstration of commitment through continued use of the product innovation. According to Rogers (1995) , this commitment entails the decision to make full use of an innovation as the only best available course of action.
performance is not only influenced by the present financial innovation but also past financial innovations. Formally, the model is specified as shown in Equation 1. A priori, the optimal lag in Equation 1 is unknown. However, if we assume that the effect of past financial innovation decays gradually (over time) to zero, as argued by Koyck (1954) , then Equation 1 can transform using Koyck transformation. The resulting equation through the transformation process leads to Equation 2. Estimating Equation 2 using ordinary least squares, fixed or random effect models gives rise to a number of econometric issues such as autocorrelation and heteroscedasticity. However, the dynamic GMM developed by Arellano and Bond (1991) helps address these challenges.
In addition, the model has been found to be robust to measurement errors, addresses some endogeneity and is well suitable where we have small t and large n. Given the structure of the panel data of this study, where t = 10 and n = 42, dynamic GMM is, therefore, the most suitable estimation technique. The dynamic Koyck distributed lag model is, therefore, estimated using GMM (Arellano & Bond 1991; Arellano & Bover 1995; Blundell & Bond 1998) .
The GMM models are ideal for analysing and estimating data with small time periods, data which is replete with measurement errors and for models whose independent variables are likely to be endogenous. Consequently, the implication from these studies is that dynamic panel estimation technique is the most appropriate for the present study for a number of reasons. Firstly, the presence of lagged dependent variable, Y i,t in our model leads to autocorrelation. Secondly, most of the financial innovation variables have small time periods. For example, as at the end of the study period, agency banking innovation has been in use in Kenya for only 3 years (2010 -2013) , mobile money for 7 years (2007 -2013) , and internet banking data has been available for a five-year period (2009 -2013) . Thirdly, the nature of accounting data used to generate accounting returns (ROE and ROA) is prone to measurement errors due to variations in accounting policies across firms with regard to the treatment of a number of items in financial statements. Lastly, the panel data set time dimension is short (t = 10) and has a larger country (firm) dimension (n = 42). In this article, we apply the Systems GMM estimator of Blundell and Bond (1998) , which assumes that the first differences of the instruments are not correlated with the fixed effects parameters which then increase the number of probable instruments which would be used in estimating the model parameters (Arellano & Bover 1995; Blundell & Bond 1998; Fowowe & Babatunde 2013) .
Control variables
The purpose of the control variables is to control any other factors which may affect the dependent variables other than the main independent variables, which enhances the robustness of the final results. The industrial/organisation theory states that firm performance variations can be explained by the structural features of the sectors in the industry in which the firm operates (Kamasak 2011 ). This implies a direct relationship between industry performance and firm performance. The banking industry ROE and ROA, therefore, are included in the model as control variables. Since the structure of the industry affects firm performance, the peer grouping of the Kenyan banks is also factored in the model as a control variable. The banks are grouped into three peer groups, namely, large, medium and small. We further control past firm and industry financial performance by including the lag of industry-adjusted ROE for each firm, while past industry performance is represented by the lag of industry ROE.
According to McGahan and Porter (2003) , firm-driven performance persists at a slower rate compared to industrydriven factors. In their earlier work, McGahan and Porter (1999) find 76.6% -81.8% persistence of the industry-driven performance compared to 47.9% -65.5% persistence in firmspecific factors. The implication of these findings is that past firm and industry performance may affect present or future performance, but the past industry performance may have a bigger effect. Past firm and industry performance are included in the model as control variables.
A number of studies observe that foreign-owned firms perform better than locally owned firms and, therefore, foreign ownership has a positive impact on firm performance (Aydin, Sayim & Yalama 2007) . These findings are consistent with Goethals and Ooghe (1997) , who find that foreignowned firms perform better than the locally owned Belgian firms. In view of these and other related findings, it is expected that the ownership of the firms is likely to influence the results of this study. Ownership of the firms is included in the model as ownership dummies, where '1' represents locally owned firms and '0' represents foreign-owned firms.
Of the 42 commercial banks studied, 10 are listed on the Nairobi Securities Exchange. In effect, due to the possibility that the listing may influence the results, a listing dummy is included in the regression with a listing dummy of '1' for listed banks, and '0' otherwise. Additionally, the performance of the economy where firms operate, affects their financial performance (Dollar, Hallward-Driemeier & Taye 2005) . As the economy grows, the economic environment wherein the firms operate becomes more conducive. In effect, bank loans uptake increases due to increased economic activities, coupled with reduced default on loans. To control the effect of economic performance on bank performance, GDP growth rates are used as control variables in the regression model.
Lastly, the context of an organisation or a firm to a large extent determines adoption and usage of innovations by the firm. The Technological-Organisational-Environmental literature suggests that the organisational context, such as the scope, firm size and the structure of management, has implications on financial innovation (Oliveira & Martins 2011) . A number of studies have attempted to link firm size to innovation adoption and usage. For example, Rogers (1995) argues that firm size is a proxy for a number of dimensions which collectively lead to innovations namely aggregate resources, technical expertise of employees and slack resources. Firm size is represented by the log of total assets. Table 3 reports the correlation matrix for all the variables used in the analysis. The correlations among the independent variables are not high enough to suggest that there may be a problem of multicollinearity. As such, the variables can be included in our regressions.
Results
Summary statistics
Empirical results
This section discusses the regression results presented in Table 4 . The model tests the relationship between financial innovations and financial performance for Kenyan commercial banks. Financial performance has been measured by industryadjusted ROE and industry-adjusted ROA. The system GMM used for the study is an instrumental variable estimation technique. Specifically, it generates some internal instrument for explanatory variables, which helps to deal with the time invariant effect due to the panel structure of our data, as well as the problem of weak exogeneity. Thus, except for the dummy variable, all the other explanatory variables have been instrumented by their first lag. However, we differentiate between explanatory variables in which not only their present value but also their past value affects firm performance. To this variable, we include their first lag (which in the estimation Mean, average; SD, standard deviation; Min, minimum; Max, maximum; IndAdjROA, industryadjusted return on assets; IndAdjROE, industry-adjusted return on equity; Lnmbtn, The logarithm of number of mobile banking transactions; ATM, automated teller machine; IB, Internet banking; AB, Agency banking; IndROA industry return on assets; IndROE, industry return on equity; IndROA industry return on assets; IndROE, industry return on equity; LNTA, The logarithm of total assets for firm i at time t; OWS, ownership; GDP, gross domestic product; PG, peer group.
http://www.sajems.org Open Access procedure has been instrumented by their second lag) and level (which has also been instrumented by their first lag). Hence, even though, variables such as AB, LNMTBN and ATMs are reported as level, in general, system GMM makes use of their first lags. This explains the reason why some variables are lagged, while others are not.
Each of the performance measures has been included as the dependent variable in the model. In each case, both the Arellano-Bond test for zero autocorrelation in first-difference errors (AR 2 test) and the Sargan test of overidentifying restrictions are carried out. The two tests confirm no autocorrelation and that overidentifying restrictions are valid in the regression models. Additionally, the Wald test for joint significance of the independent variables confirms that the independent variables are jointly significant at the 1% level of significance in driving firm financial performance. Therefore, the model is appropriate for testing the relationship between financial innovation and firm performance.
Although the results largely provide evidence that financial innovations have a significant positive impact on banks' financial performance, we observe varying results depending on the performance measure used. With regard to industryadjusted ROE, the coefficients are statistically significant at the 5% level of significance for both ATMs and agency banking. The results further indicate that mobile banking significantly affects firm performance at the 1% level of significance. These results are also economically significant in view of the size of the effect that the independent variables have on the dependent variable (firm performance). The size of the effect that the independent variables have on firm performance is measured by the size of the coefficients of the independent variables. According to the results in Table 4 , the coefficients are significantly above zero, at 31.79, 18.72 and 0.064 for ATMs, agency banking and mobile banking proxies, respectively. Importantly, the coefficients have positive signs as expected, providing evidence that the financial innovations significantly and positively drive banking performance, as measured by industry-adjusted ROE. Although the effect of internet banking on firm performance is not statistically significant at all conventional levels, the effect is positive as evidenced by a positive coefficient of 4.09.
These results confirm the dominance of mobile banking (non-bank-led model) over the other two branchless banking models. This can be explained by a number of observations made in the study. Firstly, the dominance of mobile payments' customer numbers over the other electronic payments is an indication of the popularity of mobile banking in Kenya. Although the contribution of agency banking to firm performance is significant at the 5% level IndAdjROA, industry-adjusted return on assets; IndAdjROE, industry-adjusted return on equity; Lnmbtn, The logarithm of number of mobile banking transactions; IB, Internet banking; AB, Agency banking; IndROA industry return on assets; IndROE, industry return on equity; ATM, automated teller machine; LNTA, The logarithm of total assets for firm i at time t; OWS, ownership; GDP, gross domestic product; PG, Peer group. of significance, agency banking was in operation for only 3 years over the 10-year study period. The implication is that the impact of agency banking is likely to be felt more in the future, considering the fact that the impact of financial innovation on firm performance is time lagged. In addition, agency banking has been adopted by only 13 out of 42 commercial banks, thus the innovation is yet to be felt more widely.
The contribution of ATMs to firm performance is statistically significant at the 5% level. This is in spite of the fact that a number of banks (including multinationals) in Kenya have not installed their own ATMs. These banks have linked their customers to a shared platform referred to as Kenswitch 3 . Moreover, Visa and Mastercard branded ATMs enable the sharing of the ATM network globally, implying that individual firms sharing the ATM platforms may not necessarily have the incentive to install many ATMs in view of the huge installation cost per ATM machine. Nevertheless, ATM usage has a significant impact on firm financial performance. The results in Table 4 show that internet banking positively affects firm performance, but the contribution is insignificant. A firm's past performance has a statistically significant positive impact at the 1% level of significance, while the industry's impact on firm financial performance is negative and insignificant when both industry ROE and ROA are used. However, when only industry ROA is used, the impact of the industry on firm performance is negative, but statistically significant at all conventional levels. It appears that industry performance is generally not a major driver of any individual bank's firm performance in Kenya.
When industry-adjusted ROA is used, size significantly and positively affects firm performance, while the coefficient on size becomes insignificant when industry-adjusted ROE is used. This could be explained by the fact that total assets, used as the proxy for firm size, comprise the resources controlled by the firm, which have been found to drive firm performance. The impact of firm size on firm performance buttresses the resource-based view which holds that performance variation among firms is mainly dependent on the resources which individual firms control (Galbreath & Galvin 2008) . However, these findings are not consistent with the industrial and/or organisation economic theory, which holds that firm performance variations can be explained by the structural features of the sectors in the industry wherein the firm operates (Kamasak 2011) . The ownership structure of the banks has been used as a control variable in the regression. The results show that ownership structure has a statistically significant positive impact on firm performance. The size of the coefficient on the ownership variable is economically significant (at 2.52) and is positive as expected. This shows that locally owned banks are the leaders in the usage of financial innovations. As observed in the review of the banking sector performance, locally owned banks (three commercial banks) account for more than 90% of agency 3.Kenswitch is a shared financial switch comprising a consortium of over 20 Kenyan commercial banks, established so as to create a common switch and ATM network linking a number of small-and medium-sized banks in Kenya (LTS 2015).
banking in Kenya. Lastly, this study finds a significant positive relationship between performance of the economy, as measured by GDP growth, and firm financial performance. Secondly, the size of the coefficient is big (at 0.34) and positive as expected. The implication of this finding is that the economic environment where commercial banks operate is critical in driving their financial performance. This is because when the economy is performing well, the uptake of development loans increases and default rates on such loans fall with positive implications on profitability.
We contend that ROA and ROE ordinarily measure different types of performance, and the interpretation of the results from our analysis needs to take this fact into consideration. ROA shows how a given bank uses its assets to generate revenue. Our results, therefore, suggest that over the duration of our study, ATMs, agency banking and internet banking do not significantly enable banks to generate revenue. This needs to be seen in the banking sector context. In the banking sector, ATMs and internet banking generate revenue if bank customers use the ATM and the internet to either deposit or withdraw cash as opposed to just checking account balances. Considering that agency banking has been in place for a very short time (3 years), perhaps in the long term these results will change. On the other hand, ROE shows profitability for the shareholders. It is the shareholders' view of how much they are getting from the profits made by the bank. We, therefore, provide evidence that financial innovations in the form of branchless banking models produce good results for the shareholders, implying that shareholders are the primary beneficiaries of financial innovations used by commercial banks. Overall, the study results presented in Table 4 provide evidence that mobile banking, ATMs and agency banking significantly explain the variation in firm financial performance in Kenya.
Conclusions and recommendations for future research
The empirical literature review in this article covers financial innovations, firm performance and Kenya's banking sector over the study period. Empirical studies on financial innovations and firm financial performance provide evidence of the link between the two. Nevertheless, most of the previous studies have concentrated on financial innovations in the form of financial products in developed countries. Although there are multiple meanings of 'firm performance', as well as diverse ways in which performance construct is operationalised in the literature, the focus of this study is on bank financial performance, as measured by the industry-adjusted ROE and ROA. The results show that financial innovations significantly contribute to bank financial performance, and that firm-specific factors are more important in determining the firm's current financial performance than are industry factors.
Management efforts at driving financial innovation should be consistent with the recent global trends. For example, a study of 246 CEOs from PricewaterhouseCoopers (PWC)
Global CEO panel, comprising multinational companies across all sectors, company sizes from developed and emerging economies, makes important findings (PWC 2013:3) . According to the study '... CEOs are now taking personal responsibility for directing and inspiring innovation as it becomes an ever more vital element of business survival and success ...' The implication of the PWC research and the results from this article is that management should recognise that innovation in general and financial innovation in particular, generate financial value and contribute to the success of the firm. Moreover, financial innovation is seen as encouraging banks to take on more risks, providing valuable credit as well as firms' risk diversification services (Beck et al. 2016 ). We recommend that future studies seek to establish whether financial innovation has a stronger relationship with past or future performance. Secondly, we suggest that future studies focus on obtaining ATM transaction data (if possible) to be able carry out a more in-depth study on the impact of ATMs on bank performance. Lastly, we suggest that future studies focus on the link between firm performance, financial innovation and the possibility of reverse causality between the two variables.
